Yellowtail Seriola quinqueradiata fed a non-fish meal diet and control fish fed a standard fish meal diet were reared in neighboring net-cages under the same natural environmental conditions.
Infectious disease is a major contributor to economic losses in intensive fish culture. Many researchers and aquaculturists have been interested in developing man agement strategies that can either prevent or reduce the severity of epizootics (Landolt, 1989) . Because major disease outbreaks usually occur when the balance among fish, etiologic agent, and environment is upset (Snieszko, 1974) , it is reasonable to assume that the levels and ratios of available dietary nutrients may influence the susceptibility of fish to diseases (Blazer and Wolke, 1984) . While, a number of researches have been car ried out on the relationship between the diet and the immune response of fish (Wedemeyer and Ross, 1973; Lall et al., 1985; Blazer, 1992; Obach et al., 1993; Kiron et al., 1995; Waagbo, 1994; Li et al., 1996; El-Mowafi et al., 1997) , there are few researches suggesting an in dicator of fish health condition. The indices of fish health condition are necessary to understand how fish health is affected by diet and to enhance disease resis tance through dietary modification.
The research on alternative protein sources as a sub stitute for fish meal, the traditional basis of carnivorous 
Results
In both experiments, the average body weight and condition factor of the three groups were not significantly different after 30 days (Table 2) . During the initial 45 days of feeding, few mortalities were observed in the three groups and the fish appeared healthy.
In both experiments, mortality began among the fish fed a non-fish meal diet (NFM-1 and 2) about 45 days after the initiation of the experiment. All dead fish showed minute, white nodular spots in the spleen and kidney, and one type of bacterial colonies was isolated on BHIA from the anterior kidneys of dead fish. In addition, administration of ampicillin to the fish fed a non-fish meal diet stopped the mortality. Based upon the clinical signs (Kubota et al., 1970) , effectiveness of ampicillin treatment (Kusuda and Inoue, 1976) , and colony morphology of the isolate on BHIA (Egusa, 1978) , it was estimated that pseudotuberculosis caused by Pasteurella piscicida had occurred in yellowtail fed a non-fish meal diet.
The mortality due to the disease in the two groups fed the non-fish meal diet (NFM-1 and 2) was 3.6% and 3.3%, respectively in Exp. I. In Exp. II, the NFM-2 group of fish fed a non-fish meal diet had significantly higher mortality (3.3%) compared to the NFM-1 group (1.0%) (p < 0.05, Fig. 1 ). No mortality due to P.
piscicida was observed in the fish fed the control diet in either experiment. All of the fish used for blood tests showed no clinical signs.
The results of the blood tests are shown in Tables 2 and 3 . Compared to the control group, the levels of total cholesterol, free cholesterol and phospholipid in plasma of the fish fed a non-fish meal diet were significantly lower in both experiments; however, changes in the levels of urea nitrogen and triglyceride varied among the groups fed a non-fish meal diet. In
Exp. I, significant differences were observed in the levels of glucose and urea nitrogen between the groups of NFM-1 and NFM-2. In contrast, the levels of glucose and urea nitrogen were similar between the two groups and hematocrit value, plasma total cholesterol, free cholesterol, triglyceride and phospholipid of NFM-2 group were significantly lower than those of NFM-1 Fig. 1 . Mortality due to pseudotuberculosis in yellowtail fed respective experimental diet during the last 15 days (31-55 days after initiation of experimental feeding) of the experiment.
Asterisk indicates the significant difference tested by Fisher's exact probability between the two groups (p < 0.05). There were no correlation noted between the body weight or condition factor and the levels of plasma total cholesterol, free cholesterol and phospholipid.
Discussion
The decline of plasma lipid components in yellowtail fed a non-fish meal diet may reflect the increase of dis ease susceptibility in those fish. In the present studies, although mortality due to pasteurellosis did not occur in the fish fed a fish meal diet, higher mortality induced by the disease was observed among the fish fed a non-fish meal diet under normal rearing conditions. Because fish were maintained in neighboring net-cages through out the experiment, two of the factors which control disease outbreaks, presence of the etiologic agent and environmental conditions, are assumed to have affected fish equally in each experiment. Therefore, the disease resistance of the fish fed the non-fish meal diet was thought to become poor compared to the fish fed a con trol diet containing standard levels of fish meal. The levels of plasma total cholesterol, free cholesterol and phospholipid in the fish fed the non-fish meal diet were significantly lower than those of the fish fed the fish meal diet and the decrease in plasma lipid component levels were common among all non-fish meal diet groups. While fish were fed the same non-fish meal diet, plasma lipid component levels of the group (NFM-2) having the highest mortality due to pasteurellosis were significantly lower compared to the other group in Exp. II. Although we could not make clear the reason why the significant differences were observed in plasma lipid component levels between the two groups, the result suggests that lower levels of plasma lipid components are correlated with reduced resistance to the disease.
The similar relationship between the levels of plasma lipid compo nent and mortality due to an infectious disease were also reported by Watanabe et al. (1994 Watanabe et al. ( , 1995 . Perhaps the levels of plasma lipid component, such as total choles terol, free cholesterol and phospholipid, would be a good indicator of fish health condition.
It appeared that the decreases of the plasma lipid components were directly related to the non-fish meal diet, because total cholesterol, free cholesterol and phos pholipid in the fish fed the non-fish meal diet increased following refeeding of the fish meal diet (unpublished data).
However, the mechanisms leading to decreas ing of plasma lipid components in the fish fed the non fish meal diet have not been determined. It is known that the levels of the plasma lipid component of fish, such as cholesterol, triglyceride and phospholipid, are decreased by the effect of inanition (McDonald and Milligan, 1992) , a low caloric diet, anemia (Maita et al. 1996) , and dysfunction of liver. Dietary treatments often lead to a reduction in food intake and a general inanition, which will bring the reduction in disease resistance (Landolt, 1989) ; however, the amount of feed ing, average body weight and condition factor in the fish fed the non-fish meal diet were similar to the control in the present studies. Anemia was not observed in any of the experimental fish. Furthermore, the experimen tal diets were isonitrogenous and isocaloric. Therefore, it appears that decreases of plasma lipid components observed in the fish fed the non-fish meal diet were not caused by inanition, anemia or a low caloric diet in the present studies. The use of dietary soybean meal has been reported to cause non-infectious subacute enteritis in Atlantic salmon (Baeverfjord and Krogdahl, 1996) , and lipid digestibility is known to be lowered by soy bean meal feeding (Krogdahl et al., 1994) . It is possible that enteritis and the reduction of lipid digestibility occurred owing to dietary soybean meal which the non fish meal diet contained. If so, the decrease in the levels of plasma lipid component may indicate that the enteritis which predispose the fish to the infection occurred by feeding the non-fish meal diet. This study indicated that the decrease in the levels of plasma lipid components would be a good indicator of reduced disease resistance in yellowtail fed a non-fish meal diet. However, as any immunological parameters were not examined here, the causal relationship between the plasma lipid component levels and the disease resis tance has not been evident. Artificially controlled laboratory investigations are needed to determine the relationship.
